Appendix: TTT4120 Table of formulas, 2018

A. Sequences:

1 _ 1
lal <1=Y¥poa"=_— and =32, a"=_—

N-1 n_ 1-a¥  NaV
ZTL:O (n + 1)“ - (1—61)2 1-a’ a #+ 1

1

lal <1=Yro(n+ Da™ = iy

B. Linear convolution:
y[n] = hln] = x[n] = L) _o hlklx[n — k] = Xg-_o x[k]h[n — k]

Y(2) = H@)X(2)

Y(f) = H(H)HX()

Y(k) = H(k)X(k), k = 0,1, ..., N — 1 where Y (k) = Y(f;,) with f, = k/N
C. Transforms:

Z-transform: H(z) = Y- _o h[n]z™™

DTFT: H(f) = X% _, h[n]e /2m/n
DFT: H(k) = YN-} h[n]e~J2mnk/N k=01,..,N—1
IDFT: h{n] =~ YRZ3 H(k)e/2mnk/N n=01,..,N—1

D. Sampling theorem:

Given an analog signal x,(t) sampled at F; = 1/T. The DTFT of the resulting discrete-time
sequence x[n] = x,(t)|t=nr is given by

X(f) = X(F/Fs) = F Yiz—o Xa(lf — k]F)
E. Autocorrelation, energy spectrum and Parseval:
Given a sequence h[n] with finite energy Ej,
Autocorrelation: Thnll] = Ym—_ o h[n]h[n + 1] leZ
Energy spectrum: Sy, (2) = H(2)H(z™") = Spp(f) = |[H()I?

Parseval’s theorem: Ej, = 1,,[0] = X% _, h?[n] = follH(f)Ide
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F. Multirate:

Decimation (downsampling) where T,, = DT,
v(mT,) = Yp-—o h[(mD — KT, Jx(kT,) mELZL
Interpolation (upsampling) where T), = T, /I

y(T)) = Y-—oo h[(l = nDT, |x(nT,) leZ

. D
Rate conversion where T, = DT, = n T,

y(ITy) = ¥ =— h[(ID —mDT,]x(mT,) LEZ

G. Autocorrelation, power density spectrum and Wiener-Khintchin:
Given a wide-sense stationary and ergodic sequence X[n] with infinite energy
Autocorrelation: Yxxll] = E{X[n]X[n + 1]} leEZ

Power spectrum: Iyx(2) = Z{yxx[ll} =

Wiener-Khintchin: Iy (f) = DTFT{yxx[1]} = X2 _ o Yxx[lle /2™

H. Yule-Walker and Normal equations where ay, = 1:

Autocorrelation: Y=o ax¥xx[n — k] = o7 68[n] n=0,..,p
Normal equations: ~ Yr_, apyxx[n — k]l = —yxx[n] n=1,..,p

I. Some common z-transform pairs:

Sequence Transform ROC
6[n] 1 vz
a™u[n] 1 |z| > |a]
1—az™t
—b™u[—n — 1] ; |z] <|b|
1—bz1

(asinwg)z™?!

n o
>
(@™ sinwgn)uln] 1= (Zacoswy)z L + a2z |z| > |a]
1 — (acoswy)z™?!
n
>
(a™ cos wyn)u[n] 1= (Zacoswg)z 1 + a2z 2 |z| > |a]
az™ !
na"u[n] m Izl > |a|
bz~ !
—nb"u[—n - 1] m |Z| < |b|

Appendix: TTT4120 Table of formulas A2 (A2)



